A preliminary morphological study indicated the presence of 5 subgroups within the rufulus complex. These subgroups included western West Africa (Senegal to western-southeastern Ivory Coast); eastern West Africa (eastern-southeastern Ivory Coast to Nigeria, Chad); Central Africa (Cameroon, Congo, Democratic Republic of Congo); Central and East Africa (northern Angola, Zambia, southern Malawi, western Mozambique, Sudan); and southern Central and East Africa (southern Tanzania, northern Malawi, Mozambique). Therefore, the primary aim of this study was to identify possible morphological species or subspecies within the large geographic area occupied by the D. rufulus complex, as outlined in Mullin et al. (in press) . A secondary aim was to examine the relationship between D. rufulus and D. foxi, a species restricted to the Jos Plateau in Nigeria, because both were once considered to be subspecies of the nominate species D. incomtus (described from South Africa). Carleton and Martinez (1991) concluded on the basis of morphometric studies that D. rufulus and D. foxi represent 2 separate species. However, Mullin et al. (in press) suggest that this taxonomic grouping is still inconclusive, and found some evidence that D. foxi might represent a subspecies within D. rufulus. A 3rd aim was to consider current and historical biogeographical records in conjunction with the dataset.
MATERIALS AND METHODS
Five hundred and thirty-six specimens from sub-Saharan Africa were examined in this study (Appendix I) . Morphological data were analysed hierarchically, starting at an individual level and then pooled by localities and finally operational taxonomic units (OTUs; i.e., pooled localities to increase sample sizes). Throughout the text, the names of the OTUs that represent more than 1 locality are referred to by the 1st locality name listed for that OTU in Appendix I instead of listing all of the localities associated with each OTU each time that particular OTU is mentioned. At each stage, subsets were screened for outliers and tested for normality. Data were examined at a locality level only once it was determined that each locality was represented by the same phenon (defined as a group of morphologically similar individuals). This was done in order to ascertain interlocality relationship on a more manageable scale and to decide whether or not neighboring localities could be pooled for an inter-OTU analysis.
In addition to examining D. rufulus specimens from West Africa (sensu Musser and Carleton 1993) , we included material from Cameroon, Congo, Central African Republic, Democratic Republic of Congo, Angola, Zambia, Malawi, Mozambique, and Tanzania, since Mullin et al. (in press) suggested that these were part of the rufulus complex based on morphological characteristics. Four geographic appellations were used to generally describe specimens: West Africa (comprising material from Senegal to Nigeria), North Africa (Chad, Sudan), Central Africa (Cameroon, Central African Republic, Congo, Democratic Republic of Congo, and northern Angola) and East and Central Africa (Zambia, Malawi, Mozambique, and Tanzania). Material representing D. foxi was also included in this study (for reasons explained in the introduction) as was D. longipilosus, from Mt Cameroon, Cameroon, primarily to confirm its morphological distinctness from other Cameroon material.
The definition of OTU was made with reference to vegetation, geology, soil, altitude, and phytogeographic maps. Localities that were represented by less than 3 individuals were pooled into OTUs, while respecting geographical barriers such as mountain ranges and rivers, which delineated geographically close localities found in the same biome type (after Taylor and Meester 1993; Appendix I) . If a sample from a given locality consisted of less than 3 individuals and it was not possible to combine that locality into an OTU, data were treated separately. In these cases, canonical scores of individuals were projected onto the scores of the OTUs to produce a comprehensive plot. At each step of the analysis, the 3 morphological datasets (traditional skull measurements and geometric morphometric data collected from both the dorsal and ventral skull) produced similar results. Given the repetitive nature of presenting 3 diagrams for each step, we chose the plots that presented data most clearly. Results not presented here may be obtained from the 1st author.
Traditional morphometrics.-Four hundred and eighty-six adult individuals were used. The character suite consisted of the following 13 cranial characters (see Mullin et al. 2002) : greatest skull length; crown length of upper (maxillary) toothrow; hard palate width; nasal width; zygomatic arch width; internal diameter of zygomatic arch; least breadth of interorbital constriction; foramen magnum width; least width of zygomatic arch; zygomatic plate width; greatest mandible length; mandibular tooth row; greatest height of skull. A previous study of nongeographic variation revealed that specimens from age classes III, IV, V, and VI (defined by the amount of wear on the teeth) represent adult D. incomtus individuals and that sexual dimorphism was negligible in D. incomtus populations (Mullin et al. 2001) , therefore data for males and females were pooled in the present analyses. The dataset was normally distributed, nonkurtotic, nonskewed, and homoscedastic.
Standardized data were subjected to a principal component analysis and a multigroup canonical variates analysis, which tested multivariate differences among OTUs. Both the principal component analysis and canonical variates analysis subroutines were used for each subgroup to obviate bias by including only 1 approach. Because the different approaches provided similar results, we chose scatterplots with the most clearcut patterns for the results section for ease of presentation. Statistical analyses were performed with the NTSYS-pc program (Rohlf 1996) . A multivariate analysis of variance (MANOVA) and a Student Neuman-Keuls multiple range test completed on OTUs to determine significant differences in cranial measurements was performed with the Statistica (2001) software package (StatSoft, Tulsa, Oklahoma).
Geometric Morphometrics.-A 5-mm Leica DC100 camera attached directly to a computer was used to capture images of the dorsal and ventral skull. Each digital file was saved in JPEG format and was analyzed using the specific software programs created for geometric morphometric data (i.e., the TPS series of programs and GRF-nd) available from F. J. Rohlf at the website http://life.bio.sunysb.edu/ morph. In total, 484 dorsal and 366 ventral views were collected from specimens representing the localities described in Appendix I. Landmarks (Appendix II; Fig. 1 ) were placed on an image using the software program tpsDig (ver. 1.31, Department of Ecology and Evolution, State University of New York, Stony Brook, New York). The software program TpsSmall (ver. 1.17, Department of Ecology and Evolution, State University of New York) confirmed that the correlation between tangent and shape space was high enough to carry out subsequent analyses. Data were then scaled, aligned and transformed using the Procrustes procedure in the software program TpsRelw (ver. 1.24, Department of Ecology and Evolution, State University of New York). The centroid size for each specimen was extracted and subjected to a one-way ANOVA to test for differences between centroid sizes for each group. The software program GRF-nd (Slice 1999 ) was used to extract eigenvectors and landmark residuals and to examine data for outliers. The program TpsRelw was also used to compute a partial weights matrix (W) based on the consensus configuration for the data, as well as to complete a relative warps analysis, which included the affine components, U1 and U2. Dorsal and ventral weight matrices were subjected to a canonical variates analysis, principal component analysis (based on among-OTU correlations), and cluster analysis (based on Mahalanobis distances) using the software program NTSYS-pc (Rohlf 1996) . The software program TpsRegr (ver. 1.25, Department of Ecology and Evolution, State University of New York) was used to regress the 1st and 2nd canonical variates onto both the dorsal and ventral weight matrices (in order to examine the thin-plate splines associated with each axis) and to regress the centroid size on to both the dorsal and ventral data.
RESULTS
Although the one-way MANOVA showed an overall significant inter-OTU variation (k ¼ 0.002, d.f. ¼ 806, 4,766, P , 0.001), the Student Neuman-Keuls multiple range test provided few, if any, patterns or significant differences (P , 0.05) between OTUs. F values ranged from 1.59 (least breadth of interorbital constriction) to 5.81 (greatest height of skull), indicating a strong similarity between specimens. Greatest height of skull and greatest mandible length (5.72) had the highest F values, indicating that these characters best separated the OTUs, which was confirmed in the principal component analysis results (below). Least breadth of interorbital constriction and internal diameter of zygomatic arch (1.90) had the lowest F values, suggesting that these characters had similar values (sizes) in the dataset.
With regard to the multivariate analyses, each of the 3 datasets (traditional measurements, dorsal, and ventral skull coordinates) provided similar results, although the dorsal skull data consistently produced the weakest patterns. This suggested that the dorsal skull shape of all of the specimens examined was similar. Similarly, principal component analysis plots showed loosely defined groupings that were more strongly delimited in the canonical variates analysis plots and therefore the plot of the principal component axes is not provided here. However, the principal component analysis loadings from the analysis of the traditional measurements indicated 4 important characters-greatest skull length (0.916), greatest mandible length (0.890), zygomatic arch width (0.871), and greatest height of skull (0.748) on the 1st axis (which comprised 42.74% of the variation) that distinguished between OTUs (Table 1) . Foramen magnum width (À0.791) had the highest value on the 2nd axis (accounting for 11.13% of the variation), which was positively correlated with least width of zygomatic arch (0.440). The 3rd axis, explaining 10.95% of the variation, was positively correlated with least breadth of interorbital constriction (0.476) and negatively correlated with nasal width (À0.675). Only greatest skull length, greatest mandible length, zygomatic arch width, and greatest height of skull had high percent variance contributions to both the 2nd and 3rd axes confirming their importance.
Results of the scatterplot of the first 2 variates in the canonical variates analysis were similar between the 3 datasets analyzed so only 2 of the scatterplots (traditional morphometric measurements and ventral skull coordinates) are presented (Figs. 2 and 3, respectively). Fig. 3 , based on the ventral skull coordinate data provided the clearest results, accentuating patterns seen in Fig. 2 , which was included primarily to emphasize the separation seen between D. longipilosus and material from the D. rufulus complex on the 2nd variate.
Several common patterns were seen in the canonical variates analysis plots for all 3 datasets (Figs. 2 and 3) . The 1st was that the OTU representing D. foxi was separate from other OTUs representing West Africa. A 2nd pattern was that West African individuals seemed to be split into 2 separate groupings that corresponded with geographic regions. Group 1 comprised material from Senegal, Guinea, Sierra Leone, Liberia, and Ivory Coast and Group 2 contained material from Ivory Coast, Ghana, Burkina Faso, Benin, Togo, and Nigeria. In all 3 datasets, a separation within Ivory Coast was seen with individuals from Kong, Lamto, Sienso, and Tiegbe (Ivory Coast) more similar to material from Group 2. Material from Malawi (the Zomba and Mulanje Plateaus), Mozambique (Zambue), and Zambia appeared to be morphologically separate from West African individuals. The 3 remaining Mozambican OTUs (OTU 62-Beira, 59-Furancungo and 60-Vila Coutinho) in addition to 1 Malawian OTU (56-Kasungu) and the single Tanzanian OTU (39-Mlali) were at times more similar to West African material (in particular Group 2) and at other times appeared to form a separate group.
Thin-plate splines, depicting skull deformations, are shown along the 1st and 2nd variates of the canonical variate analysis (Fig. 4) . Splines 1L and 1R correspond to the positive and negative values (respectively) along the 1st variate, while splines 2L and 2R represent deformations from negative and positive values (respectively) from the 2nd variate (Fig. 4) . The splines along the 1st variate indicated differences in skull shape between individuals from Zambia, Malawi, and Mozambique and West African material. Spline 1L was characterized by a shorter palatal foramen, narrower nasal width and zygomatic arch width, a smaller skull length, narrower upper tooth width, and less flared bullae, with the opposite observed in Spline 1R. Splines from the 2nd axis separated material from Angola, Tanzania, and Mozambique from the remaining material, which was similar on the second axis. Spline 2L was characterized by flared bullae, a longer skull, shorter palatal foramen, and wider upper molar tooth width, with the opposite observed in Spline 2R.
Individual scores from the canonical variates analysis (from localities with ,3 specimens) were projected onto the canonical scores of the entire dataset, so that individuals were matched to OTUs with similar skull structures ( Table 2 ). In general, specimens retained geographic order and usually fell into 1 of the 5 broad groups outlined by canonical variates analysis scatterplots, although there were several individuals 
Cameroon, Cameroon). The operational taxonomic units are demarcated on the figure and are described in Appendix I.
that appeared to be exceptions (e.g., L, U, and V; Table 2 ). These anomalies were most likely because data for individuals, rather than OTUs, were analyzed. Material from Mali (A) and Sierra Leone (B and C) grouped with the West African Group 1, whereas material from Ivory Coast (D), Nigeria (E and F), Chad (G), and northwest Sudan (I and J) were more similar to Group 2. Three of the 5 Democratic Republic of Congo individuals (K, M, O) were either more similar to other Democratic Republic of Congo or Cameroon OTUs, whereas L was closer to a Liberian OTU and N to a Malawian OTU.
Results indicated an East and Central African subgroup with close links to specimens from southern Sudan ( Table 2) . Of the 5 Tanzanian specimens examined, 2 individuals (P and Q) were more similar to material from Sudan, 2 were grouped with a Malawian OTU (R and S), and 1 (P) with an OTU from Mozambique. The 2 Malawian specimens (Y) were both most similar to material from Mozambique. One of the Sudanese individuals (H) was similar to Zambian material. Material from Zambia was either similar to OTUs from Zambia (V and X) or Malawi (W), with 1 specimen (X) more similar to an OTU from Sudan. Two of the 3 Angolan individuals examined (T) appeared to be part of the Zambian group with the exception of an individual from Mombolo (U) which was more similar to West African material.
Finally, variation within the West African group (see Figs. 2 and 3) was examined in more detail with a 2nd series of canonical variates analyses. A 3-dimensional canonical variates analysis plot (Fig. 5) , based on traditional measurements, showed a distinct split between individuals from Senegal, Guinea, and Liberia (Group 1) and material from Ghana, Burkina Faso, Benin, Togo, and Nigeria (Group 2), consistent with the pattern observed in Figs. 2 and 3 . Within the Ivory Coast, there was again a separation between localities, with Dasymys specimens from OTUs 10-Bolo, 12-IDERT, 13-Adiopodoumé, 14-Dabou, and 15-Mopoyéme within Group 1 and material from OTUs 7-Sienso, 8-Tiebge, 9-Kong, and 11-Lamto more similar to Group 2.
DISCUSSION
With the aid of either morphometric or genetic data, it has been common in recent years to revoke the monotypic status of many African rodents, as originally presented by Ellerman et al. (1941) and Misonne (1969) , in favor of the original descriptions of what were once polytypic genera. Dasymys is no exception to this generalization, and is certainly represented by more than 1 species throughout its extensive range (Carleton and Martinez 1991; Crawford-Cabral 1998; Mullin et al., in press; Musser and Carleton 1993) . The patterns seen here in the rufulus complex were weak, implying that any morphological groups outlined most likely represent either subspecies or cryptic species. Although not uncommon for mammals with a wide distribution to retain a monotypic status (Grubb 1999) , it seems more plausible that Dasymys OTUs within the rufulus complex are not homogenous. This statement is based on its habitat requirements, the high likelihood of population fragmentation (Avery 1991; Gordon 1991) , the large geographic area considered here, and the numerous geographical barriers within this range. Morphological data alone will not resolve taxonomic questions in the Dasymys genus, but will be able to provide indications of affinities as well as important areas where future genetic studies should focus.
D. foxi and D. longipilosus both appeared to represent valid species that were separate from D. rufulus. Although D. foxi was not distinct on any of the axes in any of the scatterplots, it was consistently more similar to material from the Zambian group than to other West African OTUs. The clear morphological separation documented between D. foxi and material that Musser and Carleton (1993) Dasymys longipilosus from Mt Cameroon was certainly separate from the rufulus material on the 2nd variate in the canonical variates analysis plot based on traditional measurements, emphasizing the morphological differences between the 2 species. Several endemic rodent species have previously been identified on Mt Cameroon (Hutterer et al. 1992; Petter 1982; Taylor and Kumirai 2001) , including D. longipilosus (Eisentraut 1963) . The remaining data suggest the existence of 5 possible groups in the material examined, corresponding to both current and historical biogeographical patterns (e.g., paleovegetation patterns, changes in river flow, or the presence of geographic barriers -Denys 1999; Grubb 1999; Happold 1996) , that are known to have influenced the distributions of several taxa, in addition to rodents. The 1st group comprised western West African localities (Senegal, Guinea, Sierra Leone, Mali, Liberia, and the localities Adiopodoumé, Bolo, Dabou, IDERT, and Mopoyéme, all from southeast Ivory Coast). Group 2 represented eastern West African localities (Ghana, Burkina Faso, Benin, Togo, Nigeria, and the localities Sienso, Lamto, Kong, and Tiebge from northern and northeastern Ivory Coast). The 3rd group encompassed Central Africa (Cameroon, Congo, Democratic Republic of Congo, and possibly northern Angola), whereas the 4th was restricted to Zambia, southern Malawi (Zomba and Mulanje Plateaus), and western Mozambique (Zambue), again possibly including northern Angola. Finally, the 5th group was confined to Tanzania, northern Malawi (Kasungu), and both western and eastern Mozambique (Beira, Furancungo, Vila Coutinho, Vila Vasco de Gama). Sudanese material appeared to have a stronger affinity with the Tanzania group, perhaps corresponding with a link between the Sudanian and Zambezian vegetation zones present in the Pleistocene (Denys 1999) or perhaps to a historical vegetation connection between the Juba (Sudan) and Zambezi (Zambia) Rivers .
Species fragmentation within West Africa has long been attributed to the Dahomey Gap (Robbins 1978) , a savanna belt in Ghana and Togo that is located between the rainforests found elsewhere in West Africa. The Volta and Niger Rivers, which delineate the western and eastern borders of the Gap, also might have limited mammal distributions rather than the Gap itself (Dobigny and Volobouev 2000; Happold 1996; Robbins 1978) . In several other rodent genera, new West African species have been named, dividing what was once considered a continuous distribution throughout the area into smaller, and more localized, ranges (Capanna et al. 1996; Dobigny and Volobouev 2000; DuCroz et al. 1997; Hubert et al. 1983; Lecompte et al. 2001; Robbins and Van der Straeten 1989; Swanepoel and Schlitter 1978; Van der Straeten and Dieterlen 1987; Volobouev et al. 2002) .
Ivory Coast fauna has been a focal point for research since several endemic rodent species (particularly at Lamto) have been identified in this species-rich area (Corti et al 2000; Happold 1996; Swanepoel and Schlitter 1978; Verheyen 1978a, 1978b) . The behavior of the Ivory Coast OTU data was interesting and suggests that the skull morphology of Dasymys from this region is diverse. Five of the 10 OTUs (Adiopodoumé, Bolo, Dabou, IDERT, and Mopoyéme; from eastern and southeastern Ivory Coast) were more similar to the western West Africa group (Group 1), whereas the remaining 5 OTUs (Bouaké, Kong, Lamto, Sienso, and Teigbe; from central, northwestern, and northeastern Ivory Coast) grouped with the eastern West Africa group (Group 2). Individuals from Lamto were somewhat of an anomaly, compared to material from the 4 other proximate localities: Adiopodoumé, Dabou, IDERT, and Mopoyéme. Instead of grouping with Group 1 with 4 other localities, Lamto was more similar to material from Group 2.
The 3rd Dasymys group delineated here appears to be confined to Central Africa (i.e., Cameroon, Congo, and the eastern and northern Democratic Republic of Congo), although all of the specimens do share strong cranial similarities with West African individuals. A link between Cameroon and Nigeria has long been documented in rodents (Dieterlen and Van der Straeten 1992; Grubb 1999; Happold 1996; Hutterer et al. 1992; Volobouev et al. 2002) in spite of the Sanaga River, found in eastern Nigeria, which might have helped cause disjunct distributions (Happold 1996) . The lowland forests of Cameroon, Congo, the Central African Republic, and the Democratic Republic of Congo were apparently refuges in the Pleistocene and consequently acted as centers of endemism for mammals, as a consequence of climate fluctuations, and water level changes in the Congo River basin helped to isolate populations of both fish and mammals (Grubb 1999; Turpie and Crowe 1994) .
The similarity between Angolan, Zambian, and East African material coincides with zoogeographical zones in Angola (Feiler 1990 ) and the Zambezian savanna zone outlined by Denys (1999) . Hall (1960) postulated that the Nigerian-Central African link continued as far south as northern Angola via a one-time continuous forest system, but this was not corroborated in this study because Angolan material appeared to be more similar to specimens from Zambia than from Central African. Chitau, Duque de Braganca, and Dundo are found in northern Angola in an area where forest refuges for mammals have been identified, and which also marks the southern limit of the Congo basin, potentially limiting species distributions (Happold 1996) . Mombolo is found in the coastal escarpment zone that is close to the Congo basin. The Congo basin has obviously been isolated for a substantial period of time, as evidenced by the high number of endemic fish species there that indicate that at 1 time there was a link between the Congo Basin and Zambia as well as the Nile River system (Hamilton 1982) . Feiler (1990) indicated that a connection between Angolan and East and Central Africa fauna was possible via the Katanga-Zambezi Plateaus, which extend between Zambia and central Angola and is connected to the Angolan Plateau by the Angolan escarpment.
The species richness of the Zambia (Burda 2001; Filippucci et al. 1994 Filippucci et al. , 1997 Kawalika et al. 2001; Van der Straeten 1980) have been attributed to the effects of a possible isolation on the Katanga-Zambezi Plateau as well as the presence of the barriers such as the Muchinga Escarpment or the Luangwa and Zambezi Rivers (Burda 2001; Grubb et al. 1999) . Zambian OTUs were linked with 1 of the Mozambican OTUs from the Tete Corridor (Zambue) and 2 OTUs from southern Malawi (from the Mulanje and Zomba Plateaux). The 3rd Malawian OTU examined in this study, from the Nyika Plateau, was more similar to material from southern Tanzania and the remaining OTUs from Mozambique, including material from the coast (Beira) and the Tete Corridor (Furancungo, Vila Coutinho, and Vila Vasco de Gama). Happold and Happold (1989) postulated that a grassland corridor, which allowed migration, once connected Zambia, Malawi, and southern Tanzania, a distribution pattern that apparently occurs in Acomys (Barome et al. 2001) . Northern Mozambique was once inundated with flood plains, which under the correct conditions could have allowed migration between Mozambique and Tanzania (Axelrod and Raven 1978; Bowmaker et al. 1978; Gaigher and McPott 1973; Stuart et al. 1993; van Zinderen Bakker 1978; Werger 1978) .
The taxonomic relationships within Dasymys are proving difficult to diagnose. Patterns produced by morphometric data are complex, and gaps in the data collection somewhat restrain attempts to resolve taxonomic issues, not only in the entire genus but more specifically in the rufulus complex. Additional material should be collected and analyzed from Sudan, Cameroon, Congo, the Democratic Republic of Congo, Angola, Tanzania, Malawi, and Mozambique, all of which are countries that are traditionally associated with limited specimen collections in museums (Schlitter and Delany 1985) . Despite the fact that this study produced somewhat ambiguous results, this information increases our knowledge about the Dasymys genus and indicates that the latest classification for Dasymys provided by Musser and Carleton (1993) needs to be updated.
